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Why do crystals form?





































































Intermolecular Interactions Intermolecular Interactions
Well known, understood and utilised…
Intermolecular Interactions
Well known, understood and utilised…
Alloxan
Neutron diffraction: 45 K
2-fold symmetry
P41212
Bifurcated: N…O = 3.15 & 3.22 Å
cf. ΣvdW = 3.07 Å
Alloxan
Phase change < 35 K:
No symmetry
P212121
N…O = 3.11 & 2.99 Å
cf. ΣvdW = 3.07 Å
DD
Alloxan
Neutron diffraction : 45 K
Alloxan
Neutron diffraction: 45 K
Alloxan
Neutron diffraction: 45 K
Alloxan Alloxan
The importance of global molecular packing
Chem. Soc. Rev., 2009,38, 2622-2633
…most organic molecules feature 
hydrogen atoms at the periphery and so 
that C–H…X interactions are inevitable
Cambridge Structural Database
Cambridge Structural Database Cambridge Structural Database
Prevalence of Space Group Adoption
CSD: 865,342 entries
P21/c 279041 34.5 
P1 198014 24.7 
C2/c 67434 8.4 
P212121 58438 7.2 
P21 41791 5.2 
Pbca 26951 3.3 
_
Six close-packing SG’s account for >83% of structures
“Egg Causality Dilemma”








98% formation in the 
absence of competition
450 structures with RCO2H and DMF
200 have hydrogen bonding between RCO2H and DMF
40% probability



















Odd Hassel (1897 – 1981)
“…for their contributions to the 
development of the concept of 


























Clark, T.; Hennemann, M.; Murray, J. S.; Politzer, P. 
Halogen Bonding: The Sigma-Hole J. Mol. Model. 2007, 13, 291– 296
Hydrogen Bonding versus Halogen Bonding Hydrogen Bonding versus Halogen Bonding
























Interactions involving chelate rings
σ-hole
Clark, T.; Hennemann, M.; Murray, J. S.; Politzer, P. 





Aerogen bonding …favorable noncovalent interaction between a covalently
bonded atom of Group 18 (known as noble gases or 
aerogens) and a negative site, for example, a lone pair




Tetrel, pnictogen and chalcogen bonds




Steric Effects and Secondary Bonding
“Hg(S2CNR2)2”
“Hg(S2CNR2)2”
Sum of the van der Waals radii for Hg and S = 3.35 Å
3.75 Å
increasing size of R
Steric Effects and Secondary Bonding








TH(4-n)F(n)  +  :NH3
T = C, Si, Ge & Sn
n = 0 0.9 kcal/mol
n = 1* 6 – 9 kcal/mol
SnF4 25.5 kcal/mol
Tetrel Bonding: Energy
(HB)2: Similar in energy = 5 – 15 kcal/mol 
Competition between
i) Au…Au and hydrogen-bonding
Gold Chemistry
Comparable in energy to HB
Schmidbaur, Nature 413 (2001) 31.
Polymorphs of (dppm)(AuCl)2
Schmidbaur et al. Chem. Ber. 110 (1977) 1748;
Healy, Acta Crystallogr. E 59 (2003) m1112.
3.34 Å 3.58 Å
Intermolecular Au…π(arene) interactions
Au…Au




cf. sum of the van de Waals radii 





up to 12 kcal/mol
RSC Advances 5 (2015) 41401. 
Competition between
i) Au…Au and hydrogen bonding
ii) Au…Au and Au…π(arene)
Gold Chemistry




Tin Chemistry: Fundamentals, Frontiers and Applications (2008) Chp. 3
Sn
Intermolecular M(lp)…π(arene) interactions Intermolecular M(lp)…π(arene) interactions






π-Systems in Supramolecular Chemistry
Classic π-systems/interactions
face-to-face   edge-to-face
π-Systems in Supramolecular Chemistry
TM Chelate π-systems/interactions
Snezana Zarić
face-to-face    edge-to-face
Cryst. Growth Des., 2010, 10, 3901; Inorg. Chem., 2006, 45, 4755.
TM π(chelate)…π(chelate) interactions
Acta Cryst. C, 1983, 39, 591.
π(chelate)…π(chelate) interactions
π(chelate)…π(arene) ~ 6 kcal/mol
π(chelate)…π(chelate) ~ 9 kcal/mol
TM arene-H…π(chelate) interactions Main group arene-H…π(chelate) interactions
C—H...π(chelate) interactions: C—H...π(chelate) interactions:
up to 4 kcal/molPd…S  16 kcal/mol
C–H…π(chelate)       15 kcal/mol
Family of Intermolecular Interactions
6-15 kcal/mol
6-15 kcal/mol up to 12 kcal/mol









More to supramolecular life than (HB)2
“Emerging” interactions are competitive
Global molecular packing
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